Introduction: Dementia may be associated with discontinuation of regular dental checkups, which in turn results in poorer oral health. Methods: We investigated the trend of change in dental care utilization and the number of teeth before and after being diagnosed with dementia. Longitudinal cognitive-and dental health-related information were merged using data on 58,037 newly diagnosed individuals from the Swedish Dementia Registry and Swedish Dental Health Register during 2007 to 2015.
Background
Population aging and longevity have steadily increased the prevalence and burden of dementia in most developed and developing countries [1, 2] . The disability-adjusted life-years for Alzheimer's disease (AD) and dementia rose by more than 30% from 2005 to 2015 [2] . Cognitive impairment has a progressive nature and becomes even more complicated in advanced stages when psychobehavioral changes, motoric dysfunction, and physical restrictions occurred. The combination of these restrictions results in several shortcomings in health care and self-care of the older people with dementia including oral hygiene and dental care [3, 4] .
It is well known that normal aging can result in a loss of contact and discontinuation of regular dental checkups [5] . Oral health and dental care are often neglected by both patients and their caregivers because older individuals with dementia usually have other high-priority problems to deal with. Moreover, dementia patients commonly suffer from behavioral and psychiatric symptoms, which may lead to care-resistant behavior resulting in difficulties in performing oral hygiene [3, 6, 7] . On the other hand, poor oral and dental health can adversely affect nutrition and speech, both of which could potentially worsen cognitive and general health in dementia patients. Growing evidence shows that periodontitis and other inflammatory diseases in the oral cavity are strongly linked to the incidence of systemic diseases [8] , an increased risk of cardiac infarction [9] and ischemic stroke [10] . So far, there is dearth of communitybased information on the whole picture of dental care in people with dementia. Swedish data registers provide a unique opportunity to comprehensively assess different aspects of dental care utilization in dementia patients in routine clinical practice. Therefore, this study aims 1. To describe the characteristics of dental care utilization and oral health in people with dementia. 2. To evaluate the changes in dental care utilization before and after a dementia diagnosis and compare it between different types of dementia disorders. 3. To explore demographic, cognitive-related, and other clinical features that contribute to the change in dental care utilization and decline in the number of teeth.
Methods
Data were obtained from two large national registries in Sweden, the Swedish Dementia Registry (SveDem) and the Swedish Dental Health Register. Using the unique national personal identification number, corresponding data on dental care utilization were obtained and merged from the Swedish Dental Health Register for all persons registered in SveDem during January 1, 2007 and December 30, 2015 (n 5 58,037).
Data registries

Swedish Dementia Registry
SveDem is a national web-based quality register with newly diagnosed dementia patients in Sweden. SveDem was initiated in 2007 to improve the quality of diagnostics workup, treatment, and care of dementia across the country [11] . In SveDem, patients are diagnosed either in specialist care units (memory clinics) by specialists (i.e., geriatrician, neurologist, or psychiatrist) or primary care units or nursing homes by general physicians or geriatricians and only those with a diagnosis of dementia are registered. The type of dementia is classified according to the International Classification of Diseases, version 10 (ICD-10) criteria [12] consisting of AD, mixed AD, and vascular dementia, whereas other specific criteria apply to other dementia types such as (1) dementia with Lewy bodies (DLB) is diagnosed according to the McKeith criteria [13] ; (2) frontotemporal dementia using the Neary criteria [14] ; and (3) Parkinson's disease with dementia (PDD) based on the criteria recommended by Emre et al [15] . Unspecified dementia and others (including the rarer types) are also included. Up to the end of 2015, 58,037 individuals with dementia were registered in SveDem, covering 35% to 40% of the entire expected yearly incident dementia cases.
Swedish Dental Health Register
This registry was established in 2008 to assess the quality of dental care and its utilization in Sweden, and this covers the entire population. All measures of dental care are reported by the codes in the Dental Care Benefits Scheme [16] . When a patient visits the dentist, a treatment code in combination with a diagnostic code is registered. This information is used for reimbursement purposes by the Swedish Social Insurance Agency and is also reported to the Swedish Dental Health Register (the National Board of Health and Welfare). Like all Swedish registries, the information is based on patients' personal identification number. The quality of the Swedish Dental Health Register has been reported to be high [17] .
A subpopulation of 41,870 individuals from SveDem was selected for the main longitudinal analysis, having data on dental care at least 1 year before and after dementia diagnosis.
Assessments
Data were collected from patients' files and/or registered locally into the web-based databases. From each registry the following variables were included in our study.
Dementia related
From SveDem, we extracted data on age at dementia diagnosis, date of dementia diagnosis, sex, living conditions, type of dementia, medications, support from community, and death event and date of death (if it occurred). Information on patients' medication consisted of antidementia treatment (cholinesterase inhibitors and NMDA
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antagonists [memantine]) and other pharmaceutical therapies such as cardiovascular drugs, antidepressant, antipsychotics, anxiolytics, and hypnotics agents [11] . Cognitive status was assessed by Mini-Mental State Examination (MMSE) at baseline and each follow-up visit (usually every 6-12 months). Rate of cognitive decline (per year) was defined as change in MMSE score from baseline to the latest follow-up assessment divided by time between the date of last visit and date of dementia diagnosis.
Dental and health care
From the Swedish Dental Health Register, we obtained data on the number of dental care visits, date of each visit, type of dental intervention and/or procedures, and the number of remaining teeth. Based on the codes in the Dental Care Benefits Scheme, the procedures were categorized as examination, risk assessment and dental health promotion, restorative dentistry, treatment of periodontal disease and other dental conditions, preventive therapy, surgical therapy, prosthetic dentistry, endodontic therapy, and treatment of temporomandibular disorders. Year-by-year panel data on dental care utilization were prepared by counting the number of visits recorded during each 365.25 days before and after the date of dementia diagnosis. The last date of follow-up was considered as either the last date of accessing data (31 March, 2016) or the date of death.
Ethical consideration
According SveDem guidelines, patients and their relatives were informed orally and in writing about the register and could decline participation. The specific ethical application of this project was approved by the regional ethics committee in Stockholm with the reference numbers 2015/ 743-31/4 and 2015-1313-32.
Statistical analysis
Either mean and standard deviation (SD) or median and interquartile range were used to describe numeric variables with normal or skewed distribution, respectively. To compare the frequency of dental care utilization, in general and for each specific operation, before and after dementia diagnosis, Wilcoxon rank test was applied. To explore independent predictors of dental care utilization, multivariate linear regression models were used. We created two separate models where the outcome variable was defined as rate of decline in dental care utilization (per year) (model 1) and decline in the number of remained teeth (model 2). In each model, relevant baseline, dementia-related, and other clinical characteristics were assigned as potential predictors/confounders, namely: age, sex, baseline MMSE score, living and care conditions, type of dementia, rate of decline in MMSE (per year), and total number of medications. Regression coefficient and its 95% confidence interval (CI) were reported for each variable. Year-by-year panel data were created to explore the trend of change in dental care utilization from 3 years before and after dementia diagnosis. Longitudinal trend of change was compared between individuals with different types of dementia, different severity of cognitive impairment at baseline (MMSE score), and different rate of cognitive decline (quartiles of the amount of decline in MMSE score per year). For each analysis, we used repeated measurement analysis of variance with
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Greenhouse-Geisser correction because the assumption for sphericity of the variances was not met according to the Mauchly's test. To avoid "regression toward mean" bias [18] , each longitudinal analysis was adjusted using the number of dental care visits at the 3rd year before dementia diagnosis (baseline time point in the trend analysis) as a covariate in the model.
Results
Demographic characteristics
The average age at the time of dementia diagnosis was 79.7 years (SD 5 7.9), and 59.0% (n 5 34,258) of the entire population were women. Most patients were in the mild stage (MMSE 20) of dementia (65.5%, n 5 35,116). AD (30.5%, n 5 17,676) followed by vascular dementia (18.8%, n 5 10,923) was the most common diagnosis, and antidementia medications were prescribed in 52.4% (n 5 29,383) of the entire population. During the study period, 37.0% (n 5 21,496) of the registered individuals with dementia died. Further baseline and demographic characteristics are shown in Table 1 .
Dental care utilization
In total, 79.8% (n 5 46,334) of the patients with dementia visited a dentist for oral health problems or regular assessment at least once during the study period ( Table 1 ). The median number of dental care visits was 6.0 (interquartile range 5 12.0), and "regular examination, risk assessment, and dental health promotion" was the most commonly used type of care (78.1%, n 5 45,320) followed by "restorative dentistry" (58.8%, n 5 34,106) and "treatment of periodontal disease" (58.5%, n 5 33,935).
Changes in dental care utilization and number of teeth
The eligible population for longitudinal comparisons consisted of 41,870 individuals with dementia. Table 1 summarizes their baseline and demographic characteristics. The average follow-up time with available data on dental care utilization was 4.1 (SD 5 1.6) and 3.1 (SD 5 1.4) years before and after dementia diagnosis, respectively. Total number of visits [6.3 (SD 5 6.8) vs. 2.6 (SD 5 4.2); P , .001] and rate of visits (per year) [1.5 (SD 5 1.4) vs. 0.9 (SD 5 1.3); P , .001] declined significantly after dementia was diagnosed. As summarized in Table 2 , most dental care procedures were less commonly performed after dementia diagnosis (P , .001). Year-by-year panel data showed a declining trend in dental care utilization overall and separately for each category of procedure 3 years before to 3 years after dementia diagnosis (Fig. 1) . Data on the number of remaining teeth were available in 18,876 individuals. The average rate of decline in the number of teeth was 0.22 (SD 5 0.51) per year.
Predictors of decline in dental care utilization and number of teeth
Multivariate regression models were used to explore independent predictors of decline in annual rate of dental care utilization and the number of remaining teeth (Table 3) 232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292   293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352 showed a significant interaction between the trend of change in dental care utilization and type of dementia, baseline MMSE score, and rate of MMSE decline (Fig. 2) . Individuals with PDD, more severe dementia at baseline, and faster rate of cognitive impairment during the follow-up showed a more rapid decline in dental care utilization (all Greenhouse-Geisser P , .001 for time ! group interaction). (Table 3) .
Discussion
Capitalizing on the access to two national data registries, we were able to longitudinally investigate the trend of dental care utilization and its contributing factors in a very large sample of people who developed dementia in a real-world clinical setting. Our findings showed a remarkable decline in the number of dental care visits after dementia was diagnosed. Although most individuals were drug na€ ıve and newly diagnosed at the time of registration, the ones with worse cognitive status at baseline and more severe dementia with faster progression over time had a larger decline in dental care utilization. Interestingly, people with dementia who had an MMSE score of ,20 at the time of diagnosis experienced a much faster reduction in the number of teeth per year. Of note, the fastest decline in dental care utilization was found among individuals with either mixed dementia or dementia in the context of parkinsonism (i.e., DLB and PDD). People with vascular dementia lost their teeth faster compared with the ones with AD. There is convincing evidence showing that oral health declines in individuals with dementia and as the severity of cognitive impairment increases [3, 19, 20] . Several physiological and behavioral alterations are suspected to contribute to poorer oral hygiene in older persons with dementia such as reduced salivary flow, taste change, less tooth brushing, use of high-energy food supplements and syrup-based medications, polypharmacy, physical incapability, and even rejection of help from others [20] [21] [22] . Another important contributing factor, as confirmed by our study, is poor the use of dental care. Sweden has an efficient dental health care system both for young people and middle-aged and older people. This is partly due to the fact that Sweden has had a national dental insurance since 1974, which also covers prophylactic care [23] . Interestingly, it has been shown that old age by itself is not a major factor in determining the frequency of dental care utilization in Sweden. One previous retrospective study showed that healthy Swedish adults aged more than 80 years regularly utilized dental care services with an average of 3.3 visits per year [24, 25] . Our findings, however, indicate a steady decline in dental care utilization in older people with dementia that reached its lowest point of 0.8 visits per year 3 years after diagnosis. Therefore, the oral health of older people could rapidly decline after a dementia diagnosis due to lack of qualitative supportive care.
There are few studies investigating the influence of dementia on dental care utilization. In one study performed on 329 older adults aged 70 years in the USA, 50% of individuals with dementia visited dentistry clinics less than once per year, whereas this proportion was 23.4% and 9.4% among those with mild cognitive impairment and normal cognition, respectively [26] . Data from Taiwan's National Health Insurance Research Database showed that in a 12-month time frame, only 40% of people with severe mental illness visited dentists and the likelihood for dental care utilization was lowest among those with senile dementia [27] . Though one study reported no association between living environment and oral health in people with dementia web 4C=FPO web 4C=FPO Fig. 1 . Panel data to show yearly changes in dental care utilization (total and separated by procedure type) before and after dementia diagnosis (shown by the dotted line) in patients registered in SveDem with available follow-up data for at least 1 year before and 1 year after diagnostic date (n 5 41,870). Abbreviations: SD, standard deviation; SveDem, Swedish Dementia Registry.
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To our knowledge, our study is the first registry-based investigation to longitudinally track the trend of change in dental care utilization before and after being diagnosed with dementia. Year-by-year panel data revealed that the slope of gradual decline in annual dental care utilization was faster within 1 year before dementia diagnosis and constantly continued to decline during the subsequent 4 years. The direction of this association, however, is not clear. Using data from self-administered questionnaires in a 4-year cohort of 4425 residents aged 65 years, investigators showed that people with fewer teeth and not attending regular dental visits were at a higher risk for developing dementia [31] . Yet, the chronic nature of neurodegenerative process in dementia implies that mild undiagnosed cognitive impairment might have already started before follow-up and the risk of reverse causality is obvious. A similar bidirectional association between tooth loss and cognitive impairment was shown in another population-based study, where edentulousness was more than three times higher in subjects with severe cognitive impairment [32] . Indeed, there is growing evidence for both causal directions of this association between poor oral health and cognitive impairment. First, recent studies revealed new clues that directly link dementia, especially AD, to periodontal disease. For instance, oral spirochetes have been detected in the biopsies of the frontal lobe cortex of AD patients using species-specific PCR Q6 [33] . Serum antibodies to several periodontal bacteria Table 3 Predictors and associates of decline in dental care utilization after dementia diagnosis in patients registered in SveDem with available follow-up data for at least 1 year before and 1 year after diagnostic date (n 5 . NOTE. For each outcome, a multivariate linear regression model was applied including all main variables of interest as predictors and demographic and baseline variables such as age, sex and comorbidities as potential covariates using the enter method. *P , .05, **P , .001.
and pro-inflammatory cytokines (TNF, IL-1b, and IL-6) triggered by the pathological periodontal pocket have been also identified as potential risk markers for mild cognitive impairment and AD [34, 35] . Thus, declining use of dental services could potentially exacerbate the extent of periodontal inflammation and make the patient more vulnerable to insult from this source of infection. Second, older individuals with dementia and worsening oral health status are at a greater risk for nosocomial pneumonia due to the higher prevalence of swallowing disorders. Aspiration of a heavy microbial burden and proinflammatory products from the inflamed periodontium could be even fatal. It has been shown that 10% of death from pneumonia in older adults residing in nursing homes may be prevented by improving oral hygiene [36] .
Regarding the notable decline in dental care utilization in people with PDD or DLB in our study, it is worth noting that we previously showed a higher risk of respiratory comorbidities [37] and respiratory-related death [38] in the same population. In the context of parkinsonism, salivation and swallowing disorders further compromise oral care and poor dental/oral health making aspiration even more dangerous. Of particular interest is also the link between polypharmacy and deteriorated oral health [39] , here indicated by the loss of teeth.
We acknowledge the limitations of our study, of which the most crucial one is lack of an age-matched dementiafree control group. Because SveDem does not cover 100% of the incident dementia cases in Sweden, it was not possible to assure that any potential control was necessarily dementia free. Nevertheless, we assigned a reference group (i.e., AD, baseline MMSE .25) for each of the comparisons and adjusted our statistical models for other factors such as age. In Sweden, the Social Insurance Agency registers almost all dental visits and treatments in the national Dental Health Register. However, dependent individuals and the ones with long-term disabilities are entitled to dental care support, which is administrated by the county council and is not recorded in the Dental Health Register. This is a source for information bias. Yet, most of the population are covered by the Dental Health Register, and its data have been previously used as a valid and reliable source in other contexts [40, 41] . Finally, we admit that the reliability and validity of dementia diagnosis and the specification of its subtypes in SveDem need to be confirmed in future studies. SveDem is a quality registry, which represents the diagnoses of dementia made in realworld clinical settings by the attending physicians. However, any alteration in diagnostic subtype is routinely recorded during the follow-up visits, which has been consistent with the initial diagnosis in most registered individuals [11] .
In conclusion, our study showed an obvious decline in dental care utilization around the time dementia was diagnosed in geriatric population. The decline was more prominent in those with more severe and progressive cognitive impairment, as well as the ones who also had other frailty problems such as PDD and DLB. Older people with higher number of medications, more severe cognitive impairment at baseline, and vascular dementia lost their teeth faster. However, it remains unclear whether the relationship between oral health and cognition is causal or correlative. Although our study was longitudinal, the long lag time of dementia pathology makes it impossible to confidently conclude about the causality of the association. Apart from this 'chicken and egg' paradigm, there seems to be a vicious cycle between poor oral hygiene and worsening of cognitive functions that is possibly augmented with less dental care utilization. Cognitive frailty results in poor self-care, which necessitates rising alertness by their formal and informal caregivers about mouth care assistance and regular dental visits. Health care providers should ensure adequate oral health and dental care in frail older people with dementia. data for this study as well as many thanks to all participants in SveDem (patients, caregivers and staff
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impairment at the time of registration (Greenhouse-Geisser P-value of ,.001 for time ! group interaction adjusted for the baseline difference on the 3rd year before dementia diagnosis); and (C) different severity of cognitive decline (Greenhouse-Geisser P-value of ,.001 for time ! group interaction adjusted for the baseline difference on the 3rd year before dementia diagnosis). Abbreviations: AD, Alzheimer's disease; DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; MMSE, Mini-Mental State Examination; PDD, Parkinson's disease with dementia.
RESEARCH IN CONTEXT
1. Systematic review: The progressive nature of cognitive impairment in dementia, which is later added up with psychological and behavioral burden, motoric dysfunction and physical restrictions, results in several obstacles for health care and self-care. We aimed to explore such influence on dental care in a large cohort of individuals with dementia. Using MEDLINE, we reviewed original studies that investigated dental care utilization and the number of teeth in people with dementia. Little original evidence demonstrates the interplay between poor oral health and more sever cognitive impairment. Yet, there is dearth of community-based information on the whole picture of dental care in people with dementia.
2. Interpretation: Our results from a very large population clearly showed that rate of dental care visits declined from 1.5 (standard deviation 5 1.4) to 0.9 (standard deviation 5 1.3) per year after being diagnosed with dementia. Regardless of age, sex, and living condition, individuals with mixed dementia, dementia with Lewy bodies, and Parkinson's disease dementia had significantly more decline in rate of dental care utilization. Moreover, people with higher rate of Mini-Mental State Examination decline showed faster reduction in the rate of dental care visits. Older people with higher number of medications, more severe cognitive impairment at baseline, and vascular dementia lost their teeth faster.
3. Future directions: Caregivers and health care workers should facilitate adequate dental care for frail older individuals with dementia and the risk of oral health being neglected should be highlighted in dementia care guidelines and workups. Regarding the 'chicken and egg' paradigm, the vicious cycle between poor oral hygiene and worsening of cognitive functions needs to be further explored by future longitudinal cohorts.
